Abstract Distress intolerance (DI), the inability to tolerate stressful experiences, has been linked to multiple psychiatric conditions and maladaptive coping patterns. Although DI is often considered a trait-like variable, evidence indicates that self-report and behavioral indices of DI can be manipulated by contextual factors. Understanding such contextual influences is important given evidence of unexpected variability in these presumed trait-like measures over brief intervals. The current study examined the influence of context (manipulated by priming concepts of ''Interminability'' and ''Brevity'') in predicting behavioral persistence, in relation to self-reported DI. Results indicated that priming Brevity was associated with terminating a cold-pressor task more quickly. Self-reported DI was linked to earlier termination, but there was no interaction between self-reported DI and priming condition. Results indicate that contextual cues modulate performance on behavioral measures of DI. Hence, models of DI should consider both trait-like and contextual factors in understanding variability in DI measures.
Introduction
Distress intolerance (DI), the perceived inability to tolerate distressing states, has been conceptualized as a transdiagnostic variable underlying multiple psychological disorders and maladaptive coping behaviors (see Leyro et al. 2010) . High levels of DI are hypothesized to motivate escape-and avoidance-based coping due to amplification of the aversiveness of negative emotional and somatic states (McHugh et al. 2013) . DI has been linked to substance use for coping motives (Abrantes et al. 2008; Brown et al. 2005; Buckner et al. 2007; Dennhardt and Murphy 2011; Johnson et al. 2010; Kaiser et al. 2012; Zvolensky et al. 2004) , dysfunctional eating (Anestis et al. 2007; Hearon et al. 2014; Kozak and Fought 2011) , procrastination (Harrington 2005) , and risky behaviors such as hurried driving, fighting, and gambling (Beck et al. 2013; MacPherson et al. 2010) . Additionally, DI appears to be an important element in the development and maintenance of psychiatric disorders, such as anxiety (Schmidt et al. 2007a (Schmidt et al. , b, 2006 , posttraumatic stress (Tull et al. 2012) , and personality disorders (Bornovalova et al. 2011; Daughters et al. 2008; Iverson et al. 2012; Sargeant et al. 2011) . Consequently, interventions targeting DI have demonstrated successful outcomes in clinical trials (Bornovalova et al. 2012; Norr et al. 2014) .
Though DI has been implicated as a factor impacting the development and maintenance of numerous psychiatric disorders, there is disagreement in the field of the operationalized definition of DI (Leyro et al. 2010) as well as its nature as a stable, trait variable (e.g., Broman-Fulks et al. 2009a, b) . Indeed, multiple indices examining tolerance of distressing states have been developed, such as the Anxiety Sensitivity Index (ASI), which assesses fear of internal sensations; the Frustration Discomfort Scale (FDS), which assesses intolerance of frustrating situations; and the Distress Tolerance Scale (DTS), which assess a general perception of being ''distressed'' or ''upset.'' These indices have been conceptualized as specific measures of DI in previous research (McHugh and Otto 2012b) ; however, there exists disagreement in the field over this conceptualization (Leyro et al. 2010) . Additional research has found that DI varies based on domain of distress being assessed (e.g., pain vs. frustration; . Further, research has identified that DI may vary depending on whether it is assessed via self-report (i.e., perceived inability to withstand negative emotional and/or aversive states) or behaviorally (i.e., act of not behaviorally persisting when in context of distressing internal or external states; Leyro et al. 2010) .
Given evidence of variability in DI measures over time (see Broman-Fulks et al. 2009a, b; Maltby et al. 2005; Marsic et al. 2011 ) and across mood states (e.g., Otto et al. 1995) , investigations of state influences on both self-report and behavioral measures of DI are warranted. Contextual factors, such as administration of clinical measures, mood, or presence of cueing items in the room, appear to be important in these changes. For example, Maltby et al. (2005) found that scores on the self-report ASI from screening to baseline evaluations decreased specifically in the context of a diagnostic interview, indicating the interview context may change the meaning of symptoms or the motivation to report concern over symptoms in subsequent evaluations. The time course of this change in responding to self-report questions can occur quickly, with documentation of changes in \10 min (Broman-Fulks et al. 2009a, b) . Similar findings note the effect of computer-based informational programs on ASI scores. Indeed, Schmidt et al. (2007a, b) found that both a targeted, anxiety-specific psychoeducational program as well as a general health and nutrition program induced unexplained reductions in ASI scores. Finally, current mood may influence self-report measures of DI; for example, depressed individuals treated with antidepressants evidenced significant reductions in ASI scores following treatment (Otto et al. 1995) . Given the recent attention to these potentially context-induced changes in DI, further evidence is required to evaluate these influences in the laboratory.
Priming, a social psychological strategy which nonconsciously evokes certain conceptual frameworks, can promote such an evaluation (Bargh 1990) . Conceptual priming, specifically, involves presenting stimuli related to an underlying trait, attitude, or framework for expectations (Bargh 2006) . Studies have shown that priming of various conceptual frameworks affects behavioral outcomes. For example, presenting words related to rudeness, such as ''rude,'' ''bold,'' or ''bother,'' led participants to interrupt more frequently in subsequent conversations with experimenters (Bargh et al. 1996) . In addition, presenting words priming an elderly stereotype led college student participants to walk more slowly down a hallway (Bargh et al. 1996) . There also exists preliminary evidence for the interaction between behavioral primes and DI. For example, individuals with high (vs. low) scores on the cardiac items from the ASI, who underwent a biological challenge of breathing 35 % carbon dioxide, were more likely to discontinue the experiment (i.e., had lower behavioral persistence) when perceptions of medical risk were primed by the presence of a defibrillator (Telch et al. 2010) . A similar study noted that instructional sets (i.e., expected arousal vs. expected relaxation) impacted emotional responding (i.e., having a panic attack) specifically in a group with high anxiety sensitivity in the expected arousal priming condition (Telch et al. 2011) . A behavioral persistence measure of DI has also been shown to be manipulated by smoking deprivation/withdrawal context. For example, Bernstein et al. (2008) found that smokers who had not smoked for 12 h prior to the experimental manipulation exhibited less behavioral persistence in a breath holding test than those allowed to smoke freely during the day and the experimental session.
The current study is devoted to expanding upon this literature, with particular focus on identifying whether conceptual priming can create variability in behavioral persistence measures of DI, similar to the variability noted for self-report indices. Reports indicate that assumptions of interminability enhance the aversiveness of an experience (Fry et al. 1991; Turk 1999; Turner et al. 2002) . Accordingly, we hypothesized that activation of an interminability frame of reference would motivate individuals to escape an aversive task more quickly. Specifically, we examined the effects of priming concepts of ''Interminability'' versus ''Brevity'' on behavioral persistence. Interminability was defined as a feeling of endlessness, whereas Brevity was defined as shortness of time (see description of priming words in Methods section). DI can manifest differently across various domains of distress (e.g., pain, frustration, anxiety, etc.; McHugh and Otto 2011); therefore, both cold-pressor and mirror-tracing tasks (see , behavioral persistence measures of DI in the domains of pain (i.e., physiological distress) and frustration (i.e., psychological distress), respectively, were utilized in the current study.
We hypothesized that, in addition to a general association between self-report and behavioral indices of DI (Daughters et al. 2005; McHugh and Otto 2012a, b) , conceptual priming would influence the subsequent behavioral persistence measures. Because we anticipated that individuals with higher self-reported DI may be more susceptible to primes associated with physical and psychological distress, we hypothesized that, in addition to a main effect of priming, individuals high in self-reported DI in the Interminability condition would exhibit shorter persistence with the distressing tasks.
Methods

Participants
A total of 52 undergraduate students participated in the experiment in partial fulfillment of a course research requirement. The sample was 73 % female and predominantly Caucasian (62 %) and Asian (35 %) with a mean age of 18.8 (±1.2) years. In order to meet eligibility criteria, all participants were required to be at least 18 years of age, able to read and understand English, and be familiar with a computer keyboard and mouse. In addition, participants with a past history of or current frostbite, Raynaud's disease, a history of a cardiovascular disorder, fainting or seizures, or injury on the hand to be immersed were excluded from study participation in order to avoid potential injury.
Measures
Participants completed a self-report measure (i.e., DII) as well as information about demographics (i.e., age, sex, educational attainment, race/ethnicity) prior to participating in the experimental manipulation.
The Distress Intolerance Index (DII; McHugh and Otto 2012b) is a 10-item self-report measure of an individual's perceived ability to tolerate distressing states, including items like ''I can't handle feeling distressed or upset'' and ''I can't bear disturbing feelings.'' Individuals respond from 0 (very little) to 4 (very much) with higher scores indicating less ability to tolerate distressing states. This measure was developed in the context of a factor analysis of the most commonly applied measures of DI, namely the ASI (Peterson and Reiss 1992) , DTS (Simons and Gaher 2005) , and FDS (Harrington 2005) . The DII has demonstrated strong internal consistency (a = .92; McHugh and Otto 2012b) as well as construct validity relative to behavioral measures of DI .
The Scrambled Sentence Test (Srull and Wyer 1979) , a frequently used measure in priming literature (Bargh et al. 1996; Branaghan and Gray 2010; Dijksterhuis and Knippenberg 1998; Roberts and Gettman 2004) , was used as the priming manipulation. It was presented as a test of language ability to shield participants from the true intent of priming conceptual frameworks. For each of the 12 items, participants were instructed to use four of the five words listed to construct a grammatically correct four-word sentence as quickly as possible, while being timed by the experimenter. The five words presented in a given test item were in scrambled order, such as ''train missed endless he the.'' The unused word in the sentence (e.g., ''endless'' in the previous example) was intended to have the priming effect. Participants in this study were randomized to one of two opposing sets of primes: Interminability or Brevity. For both the Interminability and Brevity priming versions, 9 of the 12 items contained an adjective semantically related to the trait being primed, consistent with other priming studies of this kind (Bargh et al. 1996; Bry et al. 2009 ). The other three items contained an extra word of neutral valence. Examples of stimuli for the Interminability prime include endless, eternal, and unending. Stimuli in the Brevity prime included brief, fleeting, and transient among others. Priming cues were chosen using synonyms of key constructs (i.e., Interminability, Brevity) specifically for this study, given no previous studies using Interminability or Brevity primes, and were inserted into scrambled sentences used in previous studies (Bargh et al. 1996) .
Two behavioral persistence tasks were administered that assessed pain and frustration, the cold-pressor test and the Computerized Mirror Tracing Persistence Task (MTPT-C; Strong et al. 2003) , respectively. Time to discontinuation was used as a measure of behavioral persistence for each of these tasks. The cold-pressor has been widely used in the literature as a safe and noninvasive method for pain induction (Tousignant-Laflamme et al. 2008) . In this task, participants were asked to submerge their non-dominant hand, up to the wrist, in an ice water bath (with temperature between 0 and 4°C) for as long as possible, with a maximum of 90 s (to reduce risk of injury from the task). In the MTPT-C, participants moved a dot along the shape of a star using the computer mouse; however, all visual feedback was reversed (as would occur if a person were looking at the to-be-traced object in a mirror). As mistakes in tracing occurred, computerized auditory feedback (a loud buzz-like sound) was provided. The task was ended by the experimenter after 7 min, if participants did not discontinue earlier. This task is commonly used to evoke frustration (Brandon et al. 2003; Matthews and Stoney 1988; Tutoo 1971 ). Participants were not informed of the upper time limits of either the cold-pressor or mirror-tracing tasks.
To examine whether we were able to impact participants' judgments of time through priming, we included a timing estimation task as an additional assessment to evaluate the breadth of the priming effect. Participants were asked to estimate the length of time that elapsed from the point of completion of the Scrambled Sentence Test to the completion of the behavioral persistence tasks. The experimenter kept track of the exact amount of time using a stopwatch.
Procedures
The Boston University Institutional Review Board approved the procedures of this study. Upon arrival to the laboratory, participants received an explanation of the study procedures and provided informed consent. Prior to study participation, each participant was randomly assigned to one of the two priming conditions. After completing the questionnaire measures, participants were administered the priming manipulation (i.e., Scrambled Sentence Test) while being timed by the experimenter.
At this point, the experimenter began the stopwatch for the timing estimation, without indicating this information to the participant. Then, participants completed the two behavioral persistence measures. First, they were administered the cold-pressor task. The experimenter read aloud the task instructions, which informed the participant about the nature of the task as well as the incentive for engaging in the task (i.e., earning an opportunity to be entered into a raffle for a $50 gift card for superior task performance). In actuality, all participants were entered into the raffle. Participants were also informed that they could discontinue the task at any time if they were too uncomfortable. Following completion of the cold-pressor task, participants were read the instructions for the mirror-tracing task (MTPT-C), with similar instructions about raffle entry and discontinuation of the task, and immediately completed this task. To reduce the complexity of the design related to carryover effects, we did not counterbalance completion of the cold-pressor task and MTPT-C.
Following the completion of the MTPT-C, participants were asked to estimate the amount of time that had passed from the Scrambled Sentence Test to the end of the mirrortracing task. Participants then were read a debriefing form, informing them of the true intent of the priming task, and the experimenter granted them credit.
Data Analysis
First, we used hierarchical multiple regression analyses to examine whether the priming condition significantly impacted persistence in the behavioral persistence tasks (i.e., cold-pressor and MTPT-C) when covarying for self-reported DI. In this regression model, the DII total score and priming condition were included in the first step of the regression. To examine whether DII and priming condition interacted to predict persistence, a DII total score by priming condition interaction term was entered in step two. DII total scores were mean centered in this model. Second, we examined the effect of the priming condition on timing estimation, a novel assessment of priming effects. To do this, we calculated the difference between actual amount of time elapsed and estimated amount of time elapsed. Then, we divided this answer by actual amount of time elapsed to derive a percentage difference. An independent samples t test was utilized to evaluate if difference in estimates was significant between priming conditions.
Results
Descriptive Statistics
Participants randomly assigned to the Interminability and Brevity priming conditions did not significantly differ in any demographic variables (i.e., sex, race, ethnicity, or age). Participants reported a mean (±SD) DII total score of 10.1 (±7.0), with no significant differences between groups (p [ .05). In this sample, the DII exhibited good internal consistency (a = 0.91). Mean time to discontinuation was 67.8 (±27.3) and 250.7 (±135.1) s for the cold-pressor and mirror-tracing tasks, respectively, with significant differences between groups for the cold-pressor task only (p \ .001), with the Brevity group discontinuing more quickly than the Interminability group. (See Table 1 for more details.)
The zero-order correlations between discontinuation scores for the cold-pressor and mirror-tracing task for all groups was nonsignificant (r(51) = 0.20, p = .16). Given previous findings of an association between these two measures (e.g., McHugh and Otto 2011), we conducted separate correlational analyses dividing participants by condition. Here, the correlation between the cold-pressor and mirror-tracing task discontinuation scores approaches significance for the Interminability group (r(24) = .33, p = .10), but remains non-significant for the Brevity group (r(24) = .02, p = .91). Zero-order correlations between demographic variables and outcome measures did not yield any significant results; however, there was a significant correlation between DII total score and sex (r(50) = 0.29, p = .04).
Prediction of Behavioral Persistence
A hierarchical multiple regression analysis indicated significant main effects of DII total score and condition on behavioral persistence in the cold-pressor task. Though the time to discontinuation data for both the cold-pressor and the mirror-tracing task were skewed due to maximum cutoff times, Games (1984) reports that effects of skewness in regression analyses are trivial with adequate sample size. Therefore, we did not transform the data prior to analysis. However, scores on the DII were mean-centered prior to analysis. Results of a linear regression indicated three predictors explaining 31.3 % of the variance in behavioral persistence in the cold-pressor task (R 2 = 0.31, F(3, 51) = 7.30, p \ .001). Individuals with higher DII total scores discontinued the task sooner than those with lower scores (b = -0.30, p = .02, d = -0.72). Additionally, individuals in the Brevity condition discontinued the task more quickly than those in the Interminability condition (b = 0.50, p \ .001, d = 1.19; See Table 2 ). However, there was no significant interaction between DII total scores and condition (b = 0.19, p = .11, d = 0.47), although the effect size for the interaction was in the moderate range, reflecting an association between DII and persistence only for the Brevity condition (r = .43 for Brevity, and r = .17 for Interminability). Due to the significant correlation between DII score and sex, we ran the regression with sex and sex by condition as covariates; however, neither of these variables was statistically significant and main effects remained significant. Table 3 .)
Results of an independent samples t test indicated that percentage time difference estimates did not significantly differ between the Interminability and Brevity priming conditions (t(50) = .32, p = .75, d = .09).
Discussion
Research has demonstrated that the inability to tolerate distressing experiences, or DI, appears to be an important factor in the development and maintenance of a range of psychiatric disorders and maladaptive coping responses (see Leyro et al. 2010 ). As such, these self-report and behavioral measures of DI are used as both selection factors and outcome measures in psychopathology studies (for review, see Marsic et al. 2011) . Few studies, however, have examined the effect of contextual influences on DI. The aim of the current study was to investigate the influence of contextual factors in relation to trait-based self-reported DI on individuals' abilities to tolerate stressful states.
First, our study revealed the expected association between a self-report measure of DI and behavioral measures. Specifically, individuals with higher levels of DI displayed less persistence during the cold-pressor task, removing their hands from the ice water bath more quickly than individuals with lower levels of DI. Nonetheless, this association was not evident for our other measure of behavioral persistence, the mirror-tracing task. Other studies have identified similar divergence between self-report and behavioral measures of DI, particularly for this task . These findings support the conceptualization of DI as a multidimensional construct, therefore underscoring the importance of considering domain specificity when DI and behavioral persistence are assessed. Second, counter to our hypothesis, the Interminability prime did not lead to quicker task discontinuation; instead, task persistence was significantly shorter following the Brevity prime. Indeed, on the cold-pressor task, 12 of 26 participants in the Interminability condition persisted to the maximum allowable time on the task, as compared to only 5 of 26 in the Brevity condition. We had hypothesized that the Brevity condition would influence the evaluation of the painful stimulus (i.e., ''the pain will not last forever''), but instead it appears to have been interpreted as a request for action (i.e., ''act with brevity,''), resulting in quicker cessation of the task. The results of the timing estimation are consistent with this interpretation: there was no effect on the estimation of the length of time engaged with the stimulus, consistent with the effects of the prime on behavioral action rather than stimulus perception. Similarly, unexpected influences of priming effects have been documented in a number of other studies. For example, in a study priming participants with unhealthy words (e.g., fat, sluggish), individuals committed to the goal of healthy eating chose unhealthy snacks rather than a healthy option, contrary to the investigators' hypotheses (Adams et al. 2012) . Hence, priming works, but investigators may not accurately predict the conceptual frame invoked by the prime.
Priming effects may also be short-lived across tasks. We observed no significant effects of the Brevity prime on the mirror-tracing task, the second persistence task completed by participants. The null result on this task may be due to a washing out of the priming effect from the salience of the painful cold-pressor task. Alternatively, persistence time is a much more salient feature of the cold-pressor task; efforts at errorless task completion may have made the mirrortracing task less susceptible to an ''act with brevity'' cue. Future studies should consider counterbalancing administration of the behavioral DI tasks to evaluate this potential source for null results.
Overall, the study provides further evidence that the meaning of a cue is dependent on the context surrounding the task. In this study, the prime appeared to change the expectation/motivation for persistence on the task, whereas in other studies cues change such things as the tolerability or importance of subsequent stimuli by the inclusion of an emergency medical cue (Telch et al. 2010) , or, perhaps, the completion of a diagnostic interview (Maltby et al. 2005) .
This study underscores the notion that presumed traitbased measures, such as behavioral persistence measures of DI, can be manipulated by context. Indeed, other presumed trait measures have been shown to vary by mood state (e.g., mood effects on the NEO-Five Factor Model; Jain et al. 1999) . Given the importance of behavioral and self-report DI assessments to the field (Broman-Fulks et al. 2009a, b; Maltby et al. 2005; Marsic et al. 2011; Otto et al. 1995) and this and other evidence that DI as measured by both selfreport and behavioral measures is susceptible to contextual influences, additional research on the impact of contextual cues is warranted.
A relative weakness in our study was the failure to attend to the potential time course of the prime; future studies may include an additional priming task between outcome measures to refresh the conceptual prime for participants. Also, for our priming task, we utilized only 12 sentences, which represents the lower range typically used in priming studies (Bargh et al. 1996; Branaghan and Gray 2010; Bry et al. 2009; Roberts and Gettman 2004) . Incorporating 20-30 priming sentences may have provided a more sustainable or stronger priming effect. Our method of priming also included use of synonyms for the target concepts of Interminability and Brevity. Other studies suggest that conceptual priming fares better when using not only synonyms but other conceptual level terms (Bargh et al. 1995) . For example, the Interminability condition could have included words such as hours, years, or millennia to signify lengthy measurements of time. In addition, we did not assess whether or not individuals were savvy to the priming manipulation. Other studies have included debriefing questionnaires assessing whether individuals noticed the priming words (Aarts et al. 2005; Bargh and Chartrand 2000) . Individuals who had conscious awareness of the primes may not have been as affected as those with non-conscious awareness.
Given the relatively low DI scores of the current sample, future research should also investigate similar conceptual priming manipulations with clinical samples. DI may be particularly malleable in clinical samples as studies show that DI often changes dramatically with psychotherapeutic (Gallagher et al. 2013; Shear et al. 2001; Smits et al. 2008) and pharmacological (Otto et al. 1995) interventions as well as with exercise interventions (Broman-Fulks and Storey 2008; Smits et al. 2004) . As noted, the concepts of Interminability and Brevity may be particularly relevant due to propensity for anxious or depressed individuals to respond to aversive situations with escape-based coping. Researchers may also consider priming other relevant concepts, such as danger versus safety, or emotional states, such as sadness versus happiness.
Conclusions
In sum, the results of our study provide additional documentation of the contextual dependency of measures of DI. Though most previous studies (Broman-Fulks et al. 2009a, b; Maltby et al. 2005; Marsic et al. 2011) specifically report on issues with DI assessment stability in self-report measures, this study demonstrates that behavioral measures are also susceptible to state influences. We showed that even subtle conceptual/contextual cues, such as nine words hidden in sentences, significantly influenced behavioral measures of DI. This finding has implications for the assessment of DI; it reminds researchers that assessment is almost always context-specific. For example, simply answering a gender question on a demographics questionnaire has been shown to negatively impact females' performances on math tests (Jamieson and Harkins 2012) . Likewise, there is evidence of performance-enhancing prime effects as well (Bry et al. 2009; Shalev and Bargh 2011; Shantz and Latham 2011) . Given that subtle, non-conscious cues affect performance, it is important that these considerations be integrated into assessment strategies (see Broman-Fulks et al. 2009a, b; Marsic et al. 2011 ).
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